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Lignans from seeds of Lepidium apetalum
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Abstract: Objective To study the chemical constituents from the seeds of Lepidium apetalum. Methods Compounds were isolated
from the water extract from the seeds of L. apetalum by using Diaion HP-20, Toyopearl HW-40, MCI Gel CHP-20, ODS, Silica gel
chromatography and semi-preparative-HPLC. Results Nine compounds were isolated and identified as lepidiumlignan A (1),
lepidiumlignan B (2), erythro-1-(4-O-B-D-glucopyranosyl-3-methoxyphenyl)-2-[4-(3-hydroxypropyl)-2,6-dimethoxyphenoxy]-1,3-
propanediol (3), (7R,7'E,8S5)-4,9-dihydroxy-3,3',5-trimethoxy-4',7-epoxy-8,5'-neolign-7'-en-9'-oic acid (4), spicatolignan B (5),
(—)-pinoresinol-4-O-f-D-glucopyranoside (6), (—)-isolariciresinol (7), aegineoside (8), and (+)-syringaresinol-O-B-D-glucopyra-
noside (9). Conclusion Compounds 1 and 2 are new compounds, named as lepidiumlignan A and lepidiumlignan B. Compounds 3—9
are isolated from the plants for the first time.
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Hi ¥ BRI e . I SR, 6% 7 1%
HAT g AR, T A2 o 3 B B 00,
AR T I AL B T KRBT T RGERIY
AT, AL S T, SR 2
WRARNIEED T BEEs 9 PARBERENE
Y, ol E AL E R ARG ER A (lepidiumlignan A,
D, dLEH ARG R B (lepidiumlignan B, 2). erythro-
1-(4-O-B-D-glucopyranosyl-3-methoxyphenyl)-2-[4-(3-
hydroxypropyl)-2,6-dimethoxyphenoxy]-1,3-propanediol
(3). (7R,7'E,35)-4,9-dihydroxy-3,3',5-trimethoxy-4',7-
epoxy-8,5'-neolign-7'-en-9'-oic acid (4). spicatolignan
B(5) FAflREE-4"-O-B-D-ML i # & HE 1 [(—)-pinoresinol
4-0-B-D-glucopyranoside, 6]+ SF&MATRZE [(-H)-
isolariciresinol, 7]. aegineoside (8). T #&fff % -
4"-O-B-D-FEE HET [(+)-syringaresinol-O-B-D-gluco-
pyranoside, 9], HH1, {bEW 12 2 2 Mk E
Y, A AdERARER A MILEHARIER B (A
D, A& 3~9 NEIRMZEY 7 BARE]

i g
OCH;  OCH,

3 o)
OH
9 8 a9
H,CO0C™ X" A1,co 8™ CH,OH
2" 4" OH

1 &Y 1502 BI%EH
Fig. 1 Structures of compounds 1 and 2

1 UESHR

Bruker AVANCE 1T 500 #%R;IEHR1C. Bruker
maxis HD ! KATHS [a] i i 4% (4% & Bruker A F));
Nicolet iS 10 Microscope Spectrometer 2L 74X
(Z[H Nicolet A 7)); Shimadzu UV-2401PC %41
WAL (HAHEAT]D; Chirascan qCD YAy (3
] N e FE A T ) LCS0 iy T ) 45 VRO (A
e SR (db) RHEE R AR A, KM
M (UV200), EHEFN (YMC-Pack ODS-A,
250 mm X 10 mm, DS-5 um, 12 pm); ¥ (i 3 75 7
FrF Diaion HP-20. MCI Gel CHP-20. Toyopearl
HW-40 4 H A =ZE 05 A" 4775 Sephadex LH-20

°AJ Parmacia Biotech 2~ & 4277, 1% Fr R H
(160~200 H)> AF BEHEAA T A5 FrthHsHr
gl At gt X AL B T R R E SR = A2
J AR,

JEEG TR AW FE R BH, 290 e HH R 2 K 2 R
BEIE 2 S WA B S 8 N T AR RHE AT
Lepidium apetalum Willd. [T,

2 RESSE

FREUEH G AEZE R 7 8 kg, 10 f5R/KIZE 3
R, BFR 1.5 h, SEEBUBIR KRR, A5 L 80% L
BT, I MR B O ie et , W4 22 ok, | Dianion
HP-20 ¥, RIKFHKE 20%- 40%- 60% L EEHEA,
K K 20%- 40%- 60% LEEH AL . Hrp 60%
LR > A 5 R EIIKEE, BOuE, A
5 EEWBGACAAKED A S Bl, B0 R ITTEIC AN
IKAEEY) B2, IKIEWH 5> B1, | Toyopearl HW-40
RERE, RIH 0~40% - KBRFEVERE, 15214
7y C1~C9, 414y C5 i Toyopearl HW-40 i,
F 70% RSN, TLC K, TH A RE-IR IR R 2
133|204 D1 f1 D2. 414 D1 & F:4il#% HPLC 4
B, BRELAEY 1 (191 mg). 8 (3.8 mg). 414>
B2 A FRA AR, TERCHERE, FEMSREIRHEN 1 !
1, PLEHe-HEE (10050, 201, 101, 5
1. 10 1) BREEGEML, 133147 E1~E5. E4 H/KE
figt, 13 ODS FE IS, IR K I 10%-20%- 30%-
60% F IR P 5 9T 30% H BE PR B 4H 20 N F4.
419y F4 iBid Toyopearl HW-40 A1 {a i, ] 70% 1%
Ve, DATEA - AR R AT R AN, A EIH
G1~G3. H5r Gl H& 4+ HPLC 7355, 1334k
A2 (103 mg). 3 (10.6 mg). 5 G2 HLY
il AR L 7 B AR 2L A 4 (2.5 mg). 6 (3.5
mg). 7 (123 mg). 9 (4.5mg). 5 (8.7mg),

3 SHEE

& 1: REALSHEER KR (FED.
HR-ESI-MS %5 th #4585 F-U§ mi/z: 457.146 6 M+
Na]” (i+5i{f 457.147 5, CyHyc00Na), HiEH4rF
XN CpuHyOo; [a]ly —25.48° (¢ 0.02, MeOD);
UV A (nm): 206 (2.38), 238 (0.81), 288 (0.59),
328 (0.69); IR veor (cm '): 3 385,2942,2 840, 1 694,
1 508, 1 257, 1 023, 'H-NMR (500 MHz, CD;0D)
i, J5EFX 06~8, §7.58 (1H, d,J=16.0 Hz, H-7),
6.38 (1H, d, J = 16.0 Hz, H-8) #& 2 s0UXUEE I RFE(S
S, 67.14 (1H, d, J=2.0 Hz, H-2), 6.94 (1H, d, J =
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8.0 Hz, H-5), 7.05 (1H, dd, J= 2.0, 8.0 Hz, H-6) &%
I ABX & RAMFHIEAS 5U&E; §6.10 (2H, s, H-2',
6") & 1,3,4,5- WK RHIESS 5 10&; 63.79 (3H, s,
1"-OCH3), 3.78 (6H, s, 3", 4"-OCH3), 3.75 (3H, s,
2"-OCH3) # 4 MRS 5%, 78 PC-NMR (125
MHz, CD;OD) &, LH 22 NI, 4546
DEPT135 F1 HSQC i, W] K11% 45 ¥4 (1) JE A5 48 i
AR E . 1E 'H-"H COSY i, §4.79 (H-7)
554,50 (H-8") #3%, §4.50 (H-8') 5 3.84 (H-9") #H
¥%. £ HMBC i, 07.58 5 112.3 (C-2) 1 169.5
(C-9) Mz, 6 3.75 5 169.5 #15%, ¢ 3.79 5 151.7
FHOG, LB AR AE BT BRIR R I S5 i B O
4.79 5 105.8 (C-2, 6"), 133.2 (C-1") A%, 03.78 5

051{30 OCH,4
0

H
N
H;C@b ,CO N A0
OH

1

7\ HMBC

148.9 HIK, ULHAZEH PAEAE 3,5- — FH AUk -4- 0 k-
ARIEN =REM G B 6 6.10 5 136.0 (C-4") #H
%, UL C-4 il C-4@id FARIE . 454 NOESY i
1 64.79 (1H, d, J= 8.0 Hz, H-7") #J%1, H-7"/8" %
AL A EDRILERT ) BLE T CD R EAT A .
£ CD i, &Y 1 o BRI, HEN &)
R RN TR A & BTk, kA
VIR S5 KT E A 3,30,5"- = W AR - 1- TR 0 TR P 1 -
1-(1,2,3- = ¥ 5 5 )-4-0-4- 3 A g =09, &4
Scifinder }CEFEZR, N 1 DNRIIERH LSV,
AL E AR ZE A (lepidiumlignan A), 454
RT3 S 370 FEAH 6 0 8] 1 F0 2. H: "H-NMR H1 *C-NMR
W 1.

/‘\
H,CO

»— 'H-'HCOSY

2 A1 2 HWEE HMBC #1 'H-'H COSY #%
Fig. 2 Key HMBC and 'H-'H COSY correlations of compounds 1 and 2

F1 LAY 12 1 NMR ISR
Table 1 NMR spectral data of compounds 1 and 2

1 (in CD;0OD)

2 (in DMSO-dg)

et Su Sc Su e
1 129.4 128.0
2 7.14 (1H, d,J = 2.0 Hz) 1123 128.9
3 151.7 148.7
4 151.8 7.56 (1H, d,J= 1.0 Hz) 114.6
5 6.94 (1H, d, J = 8.5 Hz) 117.4 142.9
6 7.05 (1H, dd, J = 2.0, 8.5 Hz) 123.4 7.24 (1H, s) 120.2
7 7.58 (1H, d, J = 16.0 Hz) 146.3 6.79 (1H, d, J= 13.0 Hz) 141.7
8 6.38 (1H, d, J = 16.0 Hz) 116.4 5.76 (1H, d, J= 13.0 Hz) 117.4
9 169.5 167.7
G — 133.2 132.0
2 6.70 (1H, s) 105.8 6.90 (1H, s) 110.3
3 148.9 147.6
4 136.0 146.5
5 148.9 6.75 (2H, s) 115.3
6' 6.70 (1H, s) 105.8 118.6
7 4.79 (1H, d, J = 6.0 Hz) 743 5.52 (1H, d, J= 6.5 Hz) 87.7
8 4.50 (1H, m) 85.3 3.46 (1H, m) 527
9 3.84 (2H, m) 62.5 3.73 (1H, m), 3.68 (1H, m) 62.9
1"-0CH;, 3.79 (3H, s) 56.6 3.76 (3H, s) 55.6
2"-OCH, 3.75 3H, s) 52.0 3.73 (3H, 5) 55.6
3" 4"-OCHs; 3.78 (6H, s) 56.7
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LAY 2: HF AR R (CH;OH). HR-ESI-MS
Y5 HHESY T3 70 m/z: 395.110 3 [M+Na]" (1545
395.110 7, CaHa007Na), i & H 73 KA CaoHp007s
[0]% +6.64° (¢ 0.10, MeOD); UV AYM (nm): 205
(2.70), 290 (0.64), 325 (0.81); IRv-> (cm ™) 3278,
2939,2 831, 1698, 1680, 1 600, 1 479, 1292, 1 199,
1132, 1023. #£ "H-NMR (500 MHz, DMSO-d¢) 7,
FHEX 66~8, IhH 7 AMEFT, H 66.79 (1H, d,
J=16.0 Hz, H-7) #15.76 (1H, d, J = 16.0 Hz, H-8)
& S OB I RFAE(S 5% 67.56 (1H, d, J= 1.0 Hz,
H-4) F17.49 (1H, s, H-6) #2745 A 14~ 1,3,4,5-
HURZEIR; 0 6.90 (1H, s, H-2), 6.75 (2H, s, H-5', 6")
PRSI 1A 134-FHBRERESEM, 6 3.76
(3H, s, 1”-OCHj3), 3.73 (3H, s, 1"-OCH3) & 2 MR,
FfZ Sk 7E PC-NMR (125 MHz, DMSO-dy) i,
A 20 NMRJE T, 454 DEPT135 Al HSQC i, ]
VIREZASE AR W N E R e S HURL S RICY Nl S
'H-"H COSY i#H,66.79 (H-7) #15.76 (H-8) %,
5 5.52 (H-7") 5 3.46 (H-8') #H*, 6 3.46 5 3.73
(H-9'a), 3.68 (H-9'b) #H5%. 7E HMBC i1, 6 6.79
1576 215 6 167.7 (C-9) F1128.0 (C-1) A, Wi
BIZERTRE | NGRS M B, HIEAE PRI
C-1_F; 655251103 (C-2). 118.6 (C-6"). 128.9
(C-2). 132.0 (C-1). 148.7 (C-3) Mk, #—LHfizE
ZAL AR L A FIERm A AR K, B4 93,76
551439 (C-5) M5, §3.73 5 147.6 (C-3") M.
MM 05.52 (1H, d, J= 6.5 Hz, H-7") A%, H-7/8'A
aHRL, [FIRER, 3@ CD sk E L & i 4
SR, 7E CD i, fh &) 2 e Bk,
MAZAG AP AT REH IR — X AMNH R IR &4 . 45 b T
R, 2GR E R T-(3-H A -4 k-
IR HE)-8'- 35 HI JE-1- T I R -3- P 4R 0k -7, 8- — SR Ut
WeiR, £ Scifinder SCHRAS 2 A WA M CHRIE, e
HAptaw, mBaNIEEHRARIEER B
(lepidiumlignan B), H&5FHA = ZLn ARG A 1
M2, H'H-NMR. “C-NMR ## % 1.

&Y 3: WAL EER K (CH;0HD . ESI-MS
mi/z: 593 [M+Na]"; '"H-NMR (500 MHz, CD;0D) ¢:
7.11 (1H, dd, J = 2.0, 8.0 Hz, H-5), 7.07 (1H, d, J =
2.0 Hz, H-3), 6.90 (1H, d, J = 8.0 Hz, H-6), 6.52 (2H,
s, H-2', 6'), 4.94 (1H, d, J = 5.5 Hz, H-7), 4.88 (1H, d,
J = 8.0 Hz, H-1"), 4.17 (1H, m, H-8), 3.88 (1H, m,
H-9p), 3.84 (3H, s, 2-OCHj), 3.78 (6H, s, 3,

5'-OCHs3), 3.56 (2H, t, J = 6.5 Hz, H-9"), 3.46 (1H, dd,
J=1.0, 12.5 Hz, H-9a), 2.63 (2H, m, H-8"), 1.87 (2H,
m, H-7"); “C-NMR (125 MHz, CD;OD) ¢: 137.4
(C-1), 150.5 (C-2), 112.3 (C-3), 147.1 (C-4), 120.7
(C-5), 117.5 (C-6), 73.7 (C-7), 87.2 (C-8), 62.5 (C-9),
139.9 (C-1"), 106.8 (C-2', 6), 154.3 (C-3', 5'), 134.7
(C-4"), 35.4 (C-7"), 33.4 (C-8), 61.4 (C-9), 56.7
(2-OCH3), 56.6 (3', 5-OCHj), 102.8 (C-1"), 74.7
(C-2"), 78.2 (C-3"), 71.3 (C-4"), 77.8 (C-5"), 62.1
(C-6"). VA ¥R 5 Sc kR A — MY, ke
WwEY) 3 N erythro-1-(4-O-B-D-glucopyranosyl-3-
methoxyphenyl)-2-[4-(3-hydroxypropyl)-2,6-dimethoxy-
phenoxy]-1,3-propanediol.

&Y 4: FEEOLE MR A (CH;OH) .. ESI-MS
m/z: 425 [M+Na]"; 'H-NMR (500 MHz, CD;0D) §:
7.62 (1H, d, J= 16.0 Hz, H-7), 7.18 (1H, s, H-6), 7.15
(1H, s, H-2), 6.34 (1H, d, J = 16.0 Hz, H-8), 6.67 (2H,
s, H-2', 6"), 5.58 (1H, d, J = 6.5 Hz, H-7"), 5.34 (1H,
m, H-8'), 3.91 (3H, s, 3-OCHs), 3.81 (6H, s, 3,
5-OCHs), 3.85 (2H, m, H-9"); ""C-NMR (125 MHz,
CD;OD) §: 129.9 (C-1), 113.7 (C-2), 145.9 (C-3),
151.9 (C-4), 130.9 (C-5), 119.0 (C-6), 146.8 (C-7),
116.5 (C-8), 170.9 (C-9), 133.4 (C-1'), 104.2 (C-2/,
6'), 149.4 (C-3', 5'), 136.0 (C-4'), 90.0 (C-7"), 55.0
(C-8"), 64.6 (C-9), 56.8 (2-OCH3), 56.8 (3,
5'-OCH3). LA -3 5 ks A — 5, it
Wr it & % 4 N (TR, 7'E8S)-4,9-dihydroxy-3,3’,5-
trimethoxy-4',7-epoxy-8,5'-neolign-7'-en-9'-oic acid.

&Y 5. FOgs et AR (CH;OH) . ESI-MS
m/z: 395 [M+Na]"; 'H-NMR (500 MHz, DMSO-dj)
8:7.51 (1H, d, J = 16.0 Hz, H-7), 7.22 (2H, s, H-2, 6),
6.90 (1H, s, H-2"), 6.74 (2H, s, H-5', 6'), 6.38 (1H, d,
J=16.0 Hz, H-8), 5.52 (1H, d, J = 7.5 Hz, H-7'), 3.81
(3H, s, 3-OCH3), 3.73 (3H, s, 3-OCHj3), 3.71 (1H, m,
H-9'a), 3.64 (1H, m, H-9'B), 3.47 (1H, m, H-8');
BC-NMR (125 MHz, DMSO-dg) &: 127.7 (C-1), 112.2
(C-2), 143.9 (C-3), 149.7 (C-4), 129.8 (C-5), 117.8
(C-6), 144.5 (C-7), 116.1 (C-8), 167.9 (C-9), 131.9
(C-1"), 110.4 (C-2'), 147.6 (C-3"), 146.5 (C-4"), 115.3
(C-5"), 118.6 (C-6"), 87.8 (C-7"), 52.6 (C-8), 62.7 (C-9"),
55.8 (3-OCHj), 55.6 (3'-OCH3). L E%¥E 5 CikikiE
FA—FI, WHEWTIL A4 5 A spicatolignan B.

EY 6: LI AL FHMERK (CH;0H).
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ESI-MS m/z: 543 [M+Na]"; 'H-NMR (500 MHz,
CD;0D) 8: 7.13 (1H, d, J = 8.0 Hz, H-5"), 7.02 (1H, d,
J=2.0 Hz, H-2'), 6.90 (1H, dd, J = 2.0, 8.0 Hz, H-6"),
6.93 (1H, d, J = 2.0 Hz, H-2), 6.80 (1H, dd, J = 2.0,
8.0 Hz, H-6), 6.76 (1H, d, J = 8.0 Hz, H-5), 4.69 (1H,
d, J = 4.0 Hz, H-7), 3.12 (1H, m, H-8, 8'), 4.23 (1H,
m, H-90, 90'), 3.85 (1H, m, H-9p, 9p"), 4.75 (1H, d,
J = 4.0 Hz, H-7"), 3.84 (3H, s, 3-OCH;), 3.86 (3H, s,
3-OCHj), 4.88 (1H, d, J = 7.5 Hz, H-1"); “C-NMR
(125 MHz, CD;0D) 8: 133.7 (C-1), 111.0 (C-2), 149.1
(C-3), 147.3 (C-4), 116.1 (C-5), 120.0 (C-6), 87.5
(C-7), 55.5 (C-8), 72.7 (C-9), 137.5 (C-1"), 111.6
(C-2"), 151.0 (C-3"), 147.5 (C-4"), 118.0 (C-5), 119.8
(C-6"), 87.1 (C-7"), 55.4 (C-8'), 72.7 (C-9"), 56.7
(3-OCHj), 56.4 (3'-OCH;), 102.8 (C-1"), 74.9 (C-2"),
78.0 (C-3"), 71.3 (C-4"), 77.8 (C-5"), 62.5 (C-6"). LA
RS SRR E A -, st A 6 A
s HE % -4'-O-B-D- M i 4 6 Y

& 7: K K (CH;OH) . ESI-MS m/z: 383
[M-+Na]"; 'H-NMR (500 MHz, CD;0D) ¢: 6.66 (1H,
d, J=2.0 Hz, H-2), 6.73 (1H, d, J = 8.0 Hz, H-5), 6.60
(1H, dd, J = 2.0, 8.0 Hz, H-6), 6.65 (1H, s, H-2'), 6.17
(1H, s, H-5), 3.80 (3H, s, -OCH;), 3.77 (6H, s,
-OCHy"), 3.76 (1H, d, J = 7.0 Hz, H-7), 3.67 3H, m,
H-90, 9'), 3.39 (1H, m, H-9p), 2.77 (2H, d, J= 7.5 Hz,
H-7"), 1.99 (1H, m, H-8), 1.75 (1H, m, H-8):
BC-NMR (125 MHz, CD;0D) 6: 134.2 (C-1), 113.7
(C-2), 147.2 (C-3), 1453 (C-4), 116.0 (C-5), 123.2
(C-6), 48.0 (C-7), 48.0 (C-8), 62.1 (C-9), 129.0 (C-1"),
112.3 (C-2'), 149.0 (C-3"), 145.9 (C-4"), 117.3 (C-5'),
138.6 (C-6'), 33.6 (C-7"), 40.0 (C-8), 65.9 (C-9"), 56.4
(-OCH3), 56.3 (-OCH3"). VA%l 5 SCikikiE A
— g, WA T NRIEH AR

EY 8: R BLEtEm AR (CH;OHD.
ESI-MS m/z: 557 [M+Na]"; 'H-NMR (500 MHz,
CD;0D) ¢: 7.62 (1H, d, J = 16.0 Hz, H-7), 7.16 (1H,
d, J = 8.0 Hz, H-5"), 7.15 (1H, s, H-6), 7.14 (1H, s,
H-2), 7.02 (1H, d, J = 2.0 Hz, H-2'), 6.93 (1H, dd, J =
2.0, 8.0 Hz, H-6"), 6.34 (1H, d, J = 16.0 Hz, H-8), 5.64
(1H, d, J = 6.0 Hz, H-7"), 4.88 (1H, d, J = 7.5 Hz,
H-1"), 3.90 (3H, s, -OCHj3), 3.86 (1H, m, H-9a'), 3.86
(1H, dd, J = 2.0, 12.0 Hz, H-6"u), 3.83 (3H, s,
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